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GENERATING CYCLES REFLECTED IN A 
CENTURY OF PRICES 

SUMMARY 

Cycles of approximately eight years in the yield per acre of British 
crops have probably recurred in a continuous series during the last one 
hundred and sixty years. In consequence of the law of demand, these 
crop cycles have generated corresponding cycles in the prices of food and 
of organic raw materials. In conformity with the law of competitive 
price, the cycles in the prices of food and of raw materials should have 
been followed by corresponding cycles in the prices of manufactured 
commodities. As a matter of fact, the analysis of Sauerbeck's index 
numbers of general wholesale prices reveals real cycles of approximately 
eight years in which the originating, generating crop cycles are reflected 
throughout the century for which the Sauerbeck index numbers have 
been computed. 

The principal results of the investigation appear in the graphs of 
Figures 5 and ti. 

I. Data and method, 504. — II. An analysis of a century of prices, 
508. — III. Crop cycles as generating cycles, 515. 

In a recent paper ' I drew a distinction between gen- 
erating economic cycles and derived economic cycles. 
Generating economic cycles were described as economic 
cycles that have their origin in non-economic causes 
and become the originating source of derived economic 
cycles. A careful scrutiny of American agricultural 
statistics revealed the existence of an eight-year gen- 

1 "Generating Cycles of Products and Prices," Quarterly Journal of Economics, 
February, 1921, pp. 215-239. 
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erating cycle in the yield per acre of the leading Ameri- 
can crops, and this generating cycle of products was 
found to originate a derived cycle of agricultural prices. 
American manufactures, according to the census of 
1900, obtained about 80 per cent of their raw materials 
from the farms, and as the prices of manufactured com- 
modities tend to adjust themselves to the cost of produc- 
tion, it was argued that the eight-year cycles in the 
prices of farm products tended to induce derivative 
cycles in the prices of manufactured commodities. The 
major features of economic cycles were regarded as 
being traceable to three primary laws: 

(1) the law of the generating cycle of raw ma- 
terials, which is due to a non-economic cause; 

(2) the law of demand for raw materials, in con- 
sequence of which the generating cycle of 
products originates a derived cycle of prices 
for raw materials; and 

(3) the law of competitive price, according to which 
the prices of finished goods in an open market 
tend to correspond with the cost of production. 

The present paper carries the inquiry a stage further. 
An analysis is made of the history of prices in Great 
Britain, for a century, and the results are considered 
with reference to their dependence upon generating 
agricultural cycles and with regard to their bearing 
upon the economic theory of cycles. 

I 

Data and Method 

The data for the first part of the investigation are the 
Sauerbeck index numbers of general wholesale prices 
for the interval between the Napoleonic wars and the 
Great War. This record from 1818 to 1913, which is 
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a summary description of economic history during a 
century of unparalleled development between two 
world-wide catastrophes, supplies unique material for 
an inductive quest of economic regularities. 

The method used in the inquiry is Fourier's Theorem 
as it has been developed for statistical purposes by Pro- 
fessor Schuster and Professor Turner. 

The Savilian Professor of Astronomy at Oxford, Pro- 
fessor Turner, has said that "apart from the planetary 
motions periodicities in nature are seldom clearcut." 1 
As we shall attempt to establish certain economic cycles 
and to trace their cause to periodicities in nature, the 
part of wisdom would seem to be to profit by the ex- 
perience of natural scientists who have dealt with the 
problem of isolating natural periodicities. 

It is well known that Fourier's celebrated theorem 

y = A +a! cos kt+dv cos 2kt+ . . . 
+bi sin fci+62 sin 2kt+ . . . 

if carried out to a sufficient number of terms will repro- 
duce almost any type of graph. This equation may be 
expressed also in the form 

y = A Q +A 1 sin (kt+e 1 )+A 2 sin (2kt+ei)+ . . . 

When the parameters of this equation are determined 
from statistical data the question arises as to the signifi- 
cance of the several terms in the Fourier series. Do the 
successive terms in the sine series correspond to real 
periodicities in nature, or are they merely formal terms 
the summation of which will give the observed values of 
the original data? If, for example, a high value were 
obtained for one of the A-coefficients in the sine 
series, what warrant would there be for assuming that 
the particular sine term of which the given A was the 

1 H. H. Turner, Tables for Facilitating the Use of Harmonic Analysis, p. 44. 
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coefficient would be significant of a real recurring 
periodicity? 

This problem was considered by Professor Schuster in 
his theory of the periodogram. 1 According to Professor 
Schuster, "the periodogram may be said to put the 
statistical material in a form in which it may be most 
readily discussed, but there may be always cases in 
which the interpretation is difficult. ... I do not, of 
course, claim to have first introduced the application of 
Fourier's Theorem to the discovery of hidden periodic- 
ities. . . . The process is sufficiently obvious to have 
been frequently introduced, but it has generally been 
assumed that each maximum in the amplitude of a har- 
monic term corresponded to a true periodicity. What 
distinguishes the method which I am endeavouring to 
introduce from that of others, is the discussion of the 
natural variability of the Fourier coefficients according 
to the theory of probability, independently of any 
periodic cause which may have influenced the phenom- 
enon." 2 

The first step in the Schuster method of isolating true 
periodicities by the method of the periodogram consists 
in arranging the data of the statistical series into groups 
of different lengths and then computing the values of the 
coefficients of the sine terms appropriate to the differ- 
ent groups. The required lengths and closeness of the 
groups are discussed 3 by Professor Schuster, and he 

1 The fundamental memoirs of Professor Schuster are 

"On the Investigation of Hidden Periodicities with Application to a Supposed 26 
Day Period of Meteorological Phenomena." Terrestrial Magnetism, for March, 1898; 
" The Periodogram of Magnetic Declination as Obtained from the Records of the Green- 
wich Observatory during the Years 1871-1895," Cambridge Philosophical Society 
Transactions, vol. 18, 1899; " On the Periodicity of Sunspots," Philosophical Transac- 
tions of the Royal Society of London, A, vol. 206, 1906. 

2 " On the Periodicities of Sunspots," Philosophical Transactions, A, vol. 206, pp. 
71, 72. 

2 See particularly " On the Periodicities of Sunspots," Philosophical Transactions, A, 
vol. 206, p. 71. 
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further shows how the probability of the reality of any 
assumed cycle is dependent upon the magnitude of the 
coefficient of its corresponding harmonic in the period- 
ogram. In brief, the probability of the reality of an as- 
sumed cycle is shown to be dependent upon the relative 
size of A 2 where A is the coefficient of the sine term 
descriptive of the assumed cycle. 

Professor Turner's method, which he has called the 
method of Fourier Sequence, 1 is based upon Professor 
Schuster's method of the periodogram. The device may 
be illustrated by the problem in connection with which 
the method of Fourier Sequence was developed. In 
1913, when Professor Turner published his essays, a 
fairly good record of sunspots existed for a period of 156 
years. His problem was to determine whether there was 
ground for believing that there were real periodicities in 
the sunspot data, and if so, to ascertain their approxi- 
mate lengths. The same problem had been considered by 
Professor Schuster with the aid of the method of the 
periodogram, but, according to Professor Turner, the 
Schuster method was needlessly complex, involving an 
unnecessary amount of computation. An adequate solu- 
tion was thought to be obtained if a Fourier series were 
computed for the whole series of data, and the several 
terms of the series were investigated more in detail ac- 
cording as the magnitudes and signs of the coefficients of 
the several terms indicated the possible presence of a 
real cycle. In order to carry out this idea, Professor 
Turner computed for the 156 years of sunspot data the 
harmonics for the periods of the following number of 

1 The fundamental memoirs of Professor Turner are "On the Harmonic Analysis of 
Wolf's Sun-spot Numbers, With Special Reference to Mr. Kimura's Paper," Monthly 
Notices of the Royal Astronomical Society, May, 1913; "On the Expression of Sun- 
spot Periodicity as a Fourier Sequence, and on the General Use of a Fourier Sequence in 
Similar Problems," ibid., 1913 (Supplement); "Further Remarks on the Expression of 
Sun-spot Periodicity as a Fourier Sequence," ibid., November, 1913. 
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years: 156, 156/2, 156/3 . . . 156/54. The principal 
advantage claimed by Professor Turner for the method 
of Fourier Sequence is this: The development of the 
Fourier Sequence is 

(1) Necessary. — "Since each term of the Fourier 
Sequence is independent of every other, it can- 
not be inferred from any other. Hence we 
must at least calculate all these terms." l 

(2) Sufficient. — " If we desire to know to what ex- 
tent any periodicity intermediate between two 
of those directly tabulated is represented in the 
observations ... we are able to deduce this 
information from the sequence." 2 

II 
An Analysis of a Century of Prices 

As a preliminary step our investigation will follow the 
method of Professor Turner in the analysis of Sauer- 
beck's index numbers of general wholesale prices. 

Sauerbeck's index numbers of general wholesale 
prices from 1818 to 1913 are recorded in Table I of the 
Appendix and are graphed in Figure 1. The graph 
shows quite clearly that the mean value of the items in 
the early part of the series is higher than the mean value 
during the latter part, and we are, therefore, confronted 
with the question as to what shall be done about the 
secular trend of the figures. Any hypothesis that might 
be made as to the type of curve to represent the secular 
trend would, to a degree, be an arbitrary hypothesis, 
and my decision has been to make no supposition as to 
the secular trend, but to proceed with the computation 
of the Fourier terms from the crude index numbers. In 

1 "On the Expression of Sun-spot Periodicity as a Fourier Sequence." Monthly- 
Notices of the Royal Astronomical Society, 1913, p. 715. 
« Ibid., p. 715. 
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support of this decision these two considerations are 
offered: 

1 . It is known that each term of a Fourier sequence is 
independent of the other terms, and there is, therefore, a 
probability that when a Fourier series is fitted to the 
statistical data covering a considerable length of time, 
the early terms of the series will make an allowance for 
the secular trend which will be independent of the later 
terms. 1 Figures 1, 2, 3, 4 show the reasonableness of 
this assumption. An ample description of these graphs 
will be given later on. 

2. The authority of Professor Schuster is against the 
early elimination of the secular trend before the Fourier 
terms are computed: "Very considerable labour has 
sometimes been spent in eliminating secular variations 
and other known periodicities before the hidden periodic- 
ities are searched for. We may reasonably ask the 
question, what object is thereby gained? It is one of the 
great advantages of Fourier's analysis that each of its 
terms is independent of the others; and if we wish to 
determine any particular coefficient it is unnecessary to 
begin by eliminating the others. The analysis itself per- 
forms that process in the best possible way, if the coeffi- 
cients are obtained by arithmetical calculations. . . . 
The general rule may be given, that it is the best to 
eliminate as few variations as possible, and to carry out 
the elimination at as late a stage of the computation as 
possible." 2 

For these reasons we have computed the Fourier 
terms directly from the index numbers in the raw state. 
The results of the computation are given in Table II 

1 Cf. Schuster, "The Periodogram of Magnetic Declination," p. 113. "Table . . . 
clearly shows the effects of secular variation, and we must consider in how far it is neces- 
sary to take any notice of this variation. If our observations extended over an indefinite 
time, Fourier's analysis would itself perform all that is required, and each period would 
be totally independent of all others." 

1 "On the Investigation of Hidden Periodicities," p. 34. Cf. also p. 38. 
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of the Appendix. The headings of the table will be 
understood from an examination of Fourier's series 
when it is expressed in the following two forms: 

(1) y = ^o+Oi cos kt-\-<h cos 2kt+ . . . 

+&i sin kt+bi sin 2kt+ . . . 

(2) y = A + A t sin (kt+e 1 )+A i sin (2kt+e 2 ) + . . . 

The amplitudes of the terms in (2) — the A-coeffi- 
cients — are obtained from the corresponding coeffi- 
cients in (1) by means of the formula A = \/a 2 -f- b 2 . ^o 
is equal to the mean value of the 96 index numbers. The 
lengths of the periods in the second column of Table II 
are obtained by dividing 96, which is the number of 
years of observations recorded in the Sauerbeck index 
numbers, by the consecutive integers that are given in 
the first column. The constant k in the formulae (1) 
and (2), which does not appear in Table II, is equal to 

360° 

-r^- = 3 45'. The constants e in (2) do not occur in 

Table II, but their values may be obtained from the 
corresponding values of a and b in (1) by the relation 

a 

tan e — - • 
o 

We shall now consider the conclusions that may be 
drawn from the data of Table II and we shall begin with 
the last column which gives the values of A 2 . If we let 
the eye run down the last column, it will note that at 
four places the values of A 2 assume special importance — 
for the periods of 96 years, 48 years, 24 to 16 years, and 
8.7 to 7.4 years. A moment ago when the question of 
eliminating the secular trend was under consideration, 
the decision was reached to permit the early terms of the 
Fourier series to provide for the secular trend rather 
than to adjust the raw figures of the observation accord- 
ing to a more or less arbitrary assumption as to the type 
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of curve which might be appropriate to represent the 
trend. It now seems reasonable to conclude that the 
large values of A 2 at 96 years and 48 years, and possibly 
those between 24 and 16 years, are caused by the general 
trend of the figures. Inasmuch as one of these covers the 
whole range of the observations and the other, one-half 
of the range, one would certainly not be justified in 
holding that they represent real recurrent cycles. Fig- 
ures 1 and 2 depict these two Fourier constituents of the 
price curve. Figure 1 also shows the curve that is ob- 
tained by combining the mean of the Sauerbeck index 
numbers with the 96-year Fourier constituent. Like- 
wise Figure 2 gives the compound curve made up of the 
mean of the Sauerbeck index numbers and the 96- and 
48-year Fourier constituents. 

With two of the four important values of A 2 in Table 
II accounted for, the possibility of real cycles in the 96- 
years record is limited to the remaining two epochs be- 
tween 24 and 16 years and between 8.7 and 7.4 years. 
The mean of the limiting values of the latter period is 

8.7+7.4 

— = 8.0 years, and the limits of the other period 

are respectively twice and three times this mean value. 
The value of A 2 in Table II corresponding to a period of 
exactly 8 years is small, but if the computation had 
been confined to the interval 1857-1913 its value would 
have been 7.95. 

Thus far the argument as to the existence of real 
periods has been based upon the size of A 2 which is the 
criterion used by Professor Schuster. An additional 
criterion has been offered by Professor Turner. In his 
fundamental memoir 1 he has pointed out that when a 
striking periodicity is present, there is a tendency for the 

1 H. H. Turner, "On the Expression of Sun-spot Periodicity as a Fourier Sequence," 
Monthly Notices of the Royal Astronomical Society, 1913, p. 716. Cf. also, pp. 722, 723. 
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signs of a and b to change between consecutive Fourier 
constituents. Table II shows that not only are the 
values of A 2 large for the period between 24 and 16 
years, and for the period between 8.7 and 7.4 years, but 
that in both instances there is a change of sign in either 
a or b. 

Considering that in a record of 96 years a possible 
cycle of about 16 years could occur six times and one of 
about 8 years could occur twelve times, this analysis of 
a century of prices seems to warrant the conclusion that 
there may be a real cycle of prices between 16 and 24 
years in length, and that there is a large probability of 
the existence of a real cycle in the neighborhood of 8 
years. As the argument proceeds we shall have strong 
additional reason for believing that the indicated eight- 
year cycle in the Sauerbeck index numbers of wholesale 
prices is a real cycle with an assignable cause. Cer- 
tainly the Fourier analysis indicates that if there is a 
real cycle in the 96 years of the Sauerbeck observations, 
its most probable value is in the neighborhood of eight 
years. 

In order to isolate and exhibit the cycles of approxi- 
mately eight years the graphs of Figures 3, 4, 5 have 
been computed and drawn. Figure 3 shows the Fourier 
constituent of 19.2 years — which, according to Table 
II, is one of the most important constituents — and the 
compound curve that results from combining the mean 
of the Sauerbeck observations with the Fourier con- 
stituents of 96, 48, and 19.2 years. Figure 4 depicts the 
16-year Fourier constituent and the compound curve 
made up of the mean value of the Sauerbeck numbers 
and the 96-, 48-, 19.2- and 16-year Fourier constituents. 
A review of Figures 1, 2, 3, 4 exemplifies how the addi- 
tion of Fourier terms gives an increasingly accurate 
description of the general trend of the Sauerbeck num- 
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Figure 1. Sauerbeck's index numbers of general wholesale prices. 
Equation to the upper smooth curve: y = 88.6 -f 11.2 sin {-$f-°t -f 342°), 
origin at 1818. 
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Figure 2. Sauerbeck's index numbers of general wholesale prices. 
Equation to the upper smooth curve: y = 88.6 + 11.2 sin (-g^t + 342°) + 
13.8 sin (^°t + 55°), origin at 1818. 
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Fourier Constituent of 19.2 Years 



Figure 3. Sauerbeck's index numbers ot general wholesale prices. 
Equation to the upper smooth curve: y = 8S.6 + 11.2 sin (- 3 s 6 E °-°' + 342°) -b 
13.8 sin (%°-°* + 55°) + 5.3 sin (y^.f °t + 52°), origin at 1818. 
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Fourier Constituent of 16 Years 



Figure 4. Sauerbeck's index numbers of general wholesale prices. 

Equation to the upper smooth curve: y = 88.6 + 11.2 sin { 3 ^- a t -f 342°) + 

13.8 sin (2£-i-°t + 55°) + 5.3 sin (jVi^ + 52°) + 3.6 sin (- 3 T 6 g°-°* + 343°), 

origin at 1818. 
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Figure 5. Residuals of Sauerbeck's index numbers of general wholesale prices. 

Equation to the upper smooth curve: y = 3.8 sin ( g 3 .f \°t + 9°) + 

3.1 sin ( 7 3 ,| ft + 92°), origin at 1818. 

Middle smooth curve: y = 3.8 sin ( s 3 f $°( + 9°). 

Bottom smooth curve: y = 3.1 sin (y.fs°( + 92°). 

bers. The compound curve in Figure 4, 1 have regarded 
as the general trend of the Sauerbeck numbers. If the 
ordinates of this compound curve corresponding to the 
years between 1818 and 1913 are subtracted from the 
Sauerbeck index numbers for those years, we obtain 
what I have called the Sauerbeck residuals, which are 
listed in Table III and are graphed in Figure 5. 
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Table II, as we have seen, indicates that there is a 
real cycle between 8.73 and 7.38 years in the Sauerbeck 
index numbers. In Figure 5, three smooth curves have 
been fitted to the Sauerbeck residuals, one of which is 
made up of the two cycles of 8.73 and 7.38 years respec- 
tively. This curve gives an excellent description of the 
residuals. In the remaining curves the cycles of 8.73 
and 7.38 years have been fitted to the data separately. 
The curve of 8.73 years, as we should expect from the 
greater value of A 2 in Table II, gives a better description 
of the residuals than the curve of 7.38 years. 

Ill 

Crop Cycles as Generating Cycles 

No one familiar with the theory of prices and with 
their multitudinous causes of change would expect the 
record of general wholesale prices to show an exact 
mathematical precision in the working out of any one 
cause. If there were a predominant cause one would 
feel that, at best, the nature of its effect would be re- 
vealed only in the average of a fairly long record. One 
would be prepared for a marked deviation from the 
average in any particular instance. On the other hand, 
if in the average of a fairly long record there should be 
evidence of a persistent cycle, no one acquainted with 
the statistical theory of cycles would fail to suspect the 
presence of a predominant periodic cause. 

The analysis of a century of prices has revealed the 
existence of a cycle in wholesale prices of about eight 
years in length. What is its cause? 

In the paper l to which reference has already been 
made, I have shown that in the United States the yield 
per acre of the leading crops between 1882 and 1918 

1 "Generating Cycles of Products and Prices," Quarterly Journal of Economics, 
February, 1921. 
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passed through cycles of about eight years with maxima 
at about 1882, 1890, 1898, 1906, and 1914. These eight- 
year cycles in the yield of the crops generated eight- 
year cycles in the prices of organic raw materials of 
manufactures which, according to the law of competitive 
price, were followed by corresponding cycles in the 
prices of manufactured commodities. In two earlier 
articles published in the Journal of the Royal Statistical 
Society the following were among the conclusions that 
were reached : 1 

(1) The yield per acre of representative crops in 
the United Kingdom since 1884 — when the 
figures for the yield per acre of the crops be- 
gan to be collected officially — passed through 
eight-year cycles which were synchronous with 
the cycles of eight years in the yield of the 
American crops; 

(2) The yield per acre of representative crops in 
France was closely correlated with the yield in 
the United Kingdom and passed through 
eight-year cycles which were synchronous with 
the crop cycles in the United Kingdom and in 
the United States. 

The synchronism of the crop cycles in these three 
countries and the demonstrated existence of derived 
eight-year cycles of agricultural prices in the United 
States, which according to the law of competitive price 
induced corresponding cycles in the prices of manu- 
factured commodities, would seem to indicate that the 
clue to the observed eight-year cycle in Sauerbeck's 
index numbers of general prices might be found in the 
eight-year cycles of the crops. 

Holding fast to this clue we shall present evidence to 

1 "Crop Cycles in the United Kingdom and in the United States," May, 1919 
"Crop Cycles in the United Kingdom and in France," May, 1920. 
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show that throughout the interval under investigation, 
1818 to 1913, and for a still longer period, the British 
crops passed through cycles of approximately eight 
years in length. 

The first bit of evidence has already been adduced. 
The yield per acre of representative crops in the United 
Kingdom — wheat, oats, and barley — passed through 
cycles of eight years with maxima at about 1882, 1890, 
1898, 1906, 1914, and these cycles were synchronous 
with those of France and the United States. (The graph 
is given in Figure 6.) 

In presenting the next remarkable piece of evidence I 
make use of a thoughtful, long neglected paper l on 
"A Comparison of the Fluctuations in the Price of 
Wheat and in the Cotton and Silk Imports into Great 
Britain," by the late J. H. Poynting, at one time Pro- 
fessor of Physics in Birmingham. 2 Having in mind, 
doubtless, the essays of Stanley Jevons, the author ex- 
pressed cautiously the opinion that "the attempt to 
prove the sunspot origin of variations of the harvests 
and crops has probably led us somewhat away from the 
proper line of inquiry. This, it seems to me, should be- 
gin with such a manipulation of the statistics as to show 
the true fluctuations whatever they may be, with the 
effects of wars, increase of commerce, etc., as far as pos- 
sible eliminated." 3 Accordingly Professor Poynting set 
about devising a method to reveal the essential fluctua- 
tions in the price of wheat in England from 1760 to 
1875. Here is his description of the method : 

In order to determine the fluctuations we require to know not 
only the actual price, but whether that price is above or below the 

1 Journal of the Royal Statistical Society, March, 1884. 

2 "Poynting belonged to the rare type of men who are more critical of their own work 
than of that produced by others. The number of his papers is therefore comparatively 
small, but each of them marks some definite and generally important step." Schuster 
and Shipley, Britain's Heritage of Science, p. 161. 

3 Journal of the Royal Statistical Society, March, 1884, p. 35. 
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average for that time. It becomes necessary then to average the 
prices in some way so as to obtain a standard for each year, and we 
can then determine whether the price for any particular year is high 
or low according as it is above or below that standard. I have found 
it sufficient to average for ten years at a time, that is, I have taken 
as the standard for each year the average of the ten years of which 
that year is the fifth. If a curve be drawn whose ordinates represent 
these standard prices, it will be seen at once that all the larger ir- 
regularities are nearly smoothed down. . . . 

It would now be possible to represent the rises and falls in price by 
comparing the price for each year with the standard for that year. 
But there are so many irregularities of short duration, say two or 
three years, that it is more convenient to take, instead of the price 
for each year, the average for a short period, and for this purpose I 
adopt four years. The price for any one year then to be compared 
with the standard, is the average for the four years of which that 
year is the second. 

Were there only very small variations in the standard, it would 
be sufficient to take the difference between the ten-yearly and the 
four-yearly averages. But the standard varies very considerably. 
. . . The higher the standard, the greater are the differences be- 
tween it and the four-yearly average. To obtain results which may 
be compared with each other at different times, this effect of change 
of standard must be eliminated. This may be done by finding what 
percentage the four-yearly is of the ten-yearly average. 1 

The numerical results of the application of this 
method to the prices of wheat in England from 1760 to 
1875 are given in Table IV and are graphed in Figure 6. 
After Professor Poynting had made his computations 
following the method which has just been described and 
had written his paper, he had the good fortune to have 
it read, before its publication, by Professor George 
Gabriel Stokes 2 than whom there was probably no one 

1 Journal of the Royal Statistical Society, March, 1884, pp. 36, 37. 

» "The golden age of mathematics and physics at Cambridge was coincident with 
the scientific activity of George Gabriel Stokes (1819-1903) which began in 1842, and 
extended, with but slightly diminished vigour, to the end of the last century. Stokes' 
position as an investigator is among the greatest, but his influence cannot be measured 
merely by the record of his published work. He united two generations of scientific 
workers by the love and veneration centered in their gratitude for the assistance and en- 
couragement which, with kindly and genuine interest, he showered upon them out of the 
wealth of his knowledge and experience. Even those who intellectually were his equals 
owed much to his sound and impartial judgment. Turning away from the grave which 
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better equipped to pass judgment upon the mathe- 
matical implications of the Poynting method of curve 
smoothing. Professor Poynting's conclusions from the 
observations of his eminent critic are given in these 
summary sentences: 

Thus the effect of the averaging process is practically to destroy 
all harmonics below five years, to save over half the amplitude at six 
years, a greater amount up to eight years, when about five-sixths is 
saved, and beyond that a continually decreasing amount, though at 
fifteen years still nearly one-half is saved. . . . Thus while for eight, 
nine, and ten-year periods the process saves about 80 per cent of the 
coefficient, it falls to 60 per cent on the one side for six years, and to 
45 per cent on the other for sixteen years. 1 

With this large proportion of the amplitudes of pos- 
sible cycles between six and sixteen years in length pre- 
served by the process of curve smoothing, one would 
suppose that the author would have been eager to know 
whether there was any regularity in his data. But 
Professor Poynting's caution led him to stop at the most 
interesting phase of his investigation. The Chairman of 
the meeting of the Statistical Society at which the paper 
was read, Sir Rawson W. Rawson, was at pains specifi- 
cally to point out that "Professor Poynting did not sug- 
gest that there were periods, or cycles of prices or of 
anything similar. He had merely adopted a ten year's 
period for forming an average, in order to establish a 
curve for the examination and comparison of periodici- 
ties of every kind, and did not suggest that there were 
periods, or cycles of prices, or anything else." 2 

We now ask the definite question: Is there evidence 
that cycles in the yield of wheat recurred in the interval 

was closed over his life-long friend, Kelvin was heard to say : ' Stokes is gone, and I shall 
never return to Cambridge.' " Schuster and Shipley, Britain's Heritage of Science, p. 
123. 

1 Journal of the Royal Statistical Society, March, 1884, pp. 46, 47. 

« Ibid., p. 68. 



520 



QUARTERLY JOURNAL OF ECONOMICS 




8 8 



| S 

•J *3) • 
<° 'C ■** 

• Bow 
x © , CO 

8 "^^ 

>> fe J, £ 
■g sB»f 

«S.sT 

a n; « + 

*" — . ^ ■" 



c n n 

S « Q .S 

n e 2 " 

© -B © 



II 



B- g * 

"-13 1) „' 

a a; -g a 

u h S o 

B £ 2 o 

,S Q « 

O w J- 

B* IS 

8 .9 '"3 s 

» M >> » 

•a o t3 



<d 






GENERATING CYCLES 521 

from 1760 to 1875? By the application of the method of 
the periodogram we have found that in the yield per 
acre of the leading crops in the United States, in the 
United Kingdom, and in France, there are cycles of ap- 
proximately eight years, and these eight-year cycles in 
the three countries are synchronous. We have also 
found that the prices of the crops in the United States 
are closely correlated with the yield per acre, the coeffi- 
cients of correlation 1 ranging from r = — .2 to r = — .9 
and averaging r — — .7. 

It would, therefore, seem legitimate to assume that if 
there were cycles in the price of wheat in England from 
1760 to 1875 during a large part of which time the im- 
portation of grain was restricted in consequence either of 
wars or of corn laws, then there were cycles of like period 
and opposite phase in the yield per acre of the crops. 

If we compute a sine curve with a period of eight 
years for the Poynting smoothed index numbers of the 
price of wheat, which are given in Table IV, we find 
(Figure 6) that 

(1) The curve fits the observations surprisingly 
well throughout the 116 years of the record ex- 
cept for the interval of the wars of the French 
Revolution and the Napoleonic wars; 

(2) The eight-year cycle in the price of wheat, in 
consequence of the law of demand, reveals an 
eight-year cycle in the yield per acre of wheat 
continuous with the eight-year cycle already 
established for the crops of the United King- 
dom 2 from 1884 to 1914. The continuity of 
the cycles is shown in Figure 6. 

(3) The cycles in the yield per acre of the crops 

1 "Generating Cycles of Products and Prices," Quarterly Journal of Economics, 
February, 1921, pp. 223, 226. 

2 The data and original graph for the period 1884 to 1914 may be found in the Jour- 
nal of the Royal Statistical Society, May, 1919, pp. 384, 387. 
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from 1760 to 1913 generated derived cycles in 
the prices of organic raw materials of produc- 
tion which, in consequence of the law of com- 
petitive price, must have tended to induce 
eight-year cycles in the general prices of com- 
modities; 
(4) The analysis of the Sauerbeck index numbers 
shows that, as a matter of fact, during the 
century for which the Sauerbeck numbers are 
given, 1818-1913, general prices did pass 
through cycles of approximately eight years. 
In Figure 6 an eight-year cycle is fitted to the residuals 
of the Sauerbeck index numbers. We found in our anal- 
ysis of the Sauerbeck residuals that the equation to the 
indicated cycle of 8.73 years was 

. /360° \ 

y = 3.8 sin (^— t + 9°J, 

and that the equation to the indicated cycle of 7.38 

/360° \ 

years was y = 3.1 sin ( r-— t + 92° J. The eight-year 

cycle which is representative of the Sauerbeck residuals 
in Figure 6 was constructed from these two equations in 
the following way: Its period of eight years is the mean 

• , , , , 8.73+7.38 
of the periods of these two cycles = 8.05; 

the amplitude of the eight-year cycle is the mean of the 
amplitudes of these two cycles, = 3.45; and 

the phase of the eight-year cycle is the mean of the 

q o _i_92 
phases of the two cycles — - — = 50° 30'. It will be 

seen from Figure 6 that the eight-year cycles in the cen- 
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tury of Sauerbeck's index numbers were approximately- 
synchronous with the corresponding cycles in the indi- 
cated yield per acre of the British crops. The eight- 
year cycle in the crops is proved to have persisted 
throughout nearly the whole period of 159 years from 
1760 to 1918 (the investigation of the American crops 
was carried through 1918) or for an interval of twenty 
cycles of eight years in length. This generating eight- 
year cycle in the crops induced derived cycles of prices 
which are reflected and verified in the century of Sauer- 
beck index numbers of general wholesale prices. 

Henry Ludwell Moore. 

Columbia University. 
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Table I. — Sauerbeck's Index Numbers op General 
Wholesale Prices 



Year 


Index 
Number 


Year 


Index 
Number 


Year 


Index 
Number 


Year 


Index 
Number 


1818 


142 


1842 


91 


1866 


102 


1890 


72 


1819 


121 


1843 


83 


1867 


100 


1891 


72 


1820 


112 


1844 


84 


1868 


99 


1892 


68 


1821 


106 


1845 


87 


1869 


98 


1893 


68 


1822 


101 


1846 


89 


1870 


96 


1894 


63 


1823 


103 


1847 


95 


1871 


100 


1895 


62 


1824 


106 


1848 


78 


1872 


109 


1896 


61 


1825 


117 


1849 


74 


1873 


111 


1897 


62 


1826 


100 


1850 


77 


1874 


102 


1898 


64 


1827 


97 


1851 


75 


1875 


96 


1899 


68 


1828 


97 


1852 


78 


1876 


95 


1900 


75 


1829 


93 


1853 


95 


1877 


94 


1901 


70 


1830 


91 


1854 


102 


1878 


87 


1902 


69 


1831 


92 


1855 


101 


1879 


83 


1903 


69 


1832 


89 


1856 


101 


1880 


88 


1904 


70 


1833 


91 


1857 


105 


1881 


85 


1905 


72 


1834 


90 


1858 


91 


1882 


84 


1906 


77 


1835 


92 


1859 


94 


1883 


82 


1907 


80 


1836 


102 


1860 


99 


1884 


76 


1908 


73 


1837 


94 


1861 


98 


1885 


72 


1909 


74 


1838 


99 


1862 


101 


1886 


69 


1910 


78 


1839 


103 


1863 


103 


1887 


68 


1911 


80 


1840 


103 


1864 


105 


1888 


70 


1912 


85 


1841 


100 


1865 


101 


1889 


72 


1913 


85 
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Table II. — Results of Fourier Analysis op Sauerbeck's Index 
Numbers of General Wholesale Prices. 1818-1913 



Di- 
visor 


Period 

in 
Years 


a 


b 


A! 


Di- 
visor 


Period 

in 
Years 


a 


b 


A 2 


1 


96.0 


- 3.46 


+10.60 


124.42 


13 


7.4 


+3.12 


- .11 


9.74 


2 


48.0 


+ 11.27 


+ 7.96 


190.40 


14 


6.9 


+2.12 


+1.77 


7.62 


3 


32.0 


+ 1.08 


+ .76 


1.73 


15 


6.4 


+ .61 


+ .17 


.41 


4 


24.0 


+ 2.95 


+ .70 


9.17 


16 


6.0 


+ 1.67 


+ .29 


2.86 


5 


19.2 


+ 4.18 


+ 3.28 


28.23 


17 


5.6 


+ .88 


+ .72 


1.30 


6 


16.0 


- 1.08 


+ 3.46 


13.13 


18 


5.3 


+ .59 


+2.03 


4.48 


7 


13.7 


+ .78 


+ .76 


1.19 


19 


5.0 


+ .04 


+ .66 


.44 


8 


12.0 


+ 1.85 


+ .73 


3.95 


20 


4.8 


+ .29 


+ .75 


.65 


9 


10.7 


+ 1.18 


- .02 


1.40 


21 


4.6 


+1.38 


+ .48 


2.14 


10 


9.6 


+ 2.00 


- .92 


4.86 


22 


4.4 


+ .03 


+1.64 


2.68 


11 


8.7 


+ .61 


+ 3.76 


14.52 


23 


4.2 


+ .80 


+ .63 


1.03 


12 


8.0 


+ 1-36 


- .51 


2.12 


24 


4.0 


+ .30 


- .10 


.10 



Table III. — Residuals of Sauerbeck's Index Numbers 
of General Wholesale Prices 



Year 


Residual 


Year 


Residual 


Year 


Residual 


Year 


Residual 


1818 


+42.4 


1842 


- 1.2 


1866 


+ 3.9 


1890 


+ 7.7 


1819 


+17.7 


1843 


- 5.7 


1867 


+ 1.2 


1891 


+ 8.5 


1820 


+ 5.5 


1844 


- 0.9 


1868 


- 1.0 


1892 


+ 5.2 


1821 


- 2.6 


1845 


+ 5.3 


1869 


- 3.2 


1893 


+ 5.2 


1822 


- 8.4 


1846 


+ 9.7 


1870 


- 6.6 


1894 


- 0.5 


1823 


- 6.3 


1847 


+17.0 


1871 


- 2.8 


1895 


- 2.4 


1824 


- 1.7 


1848 


+ 0.2 


1872 


+ 5.9 


1896 


- 4.7 


1825 


+11.6 


1849 


- 4.8 


1873 


+ 8.2 


1897 


- 5.3 


1826 


- 2.4 


1850 


- 4.1 


1874 


+ 0.3 


1898 


- 5.0 


1827 


- 2.4 


1851 


- 9.0 


1875 


- 4.3 


1899 


- 2.5 


1828 


+ 0.4 


1852 


- 9.5 


1876 


- 3.3 


1900 


+ 3.2 


1829 


- 1.3 


1853 


+ 3.7 


1877 


- 1.9 


1901 


- 2.9 


1830 


- 1.8 


1854 


+ 7.3 


1878 


- 6.3 


1902 


- 4.5 


1831 


- 0.4 


1855 


+ 2.5 


1879 


- 7.5 


1903 


- 4.7 


1832 


- 3.6 


1856 


+ 1.0 


1880 


+ 0.5 


1904 


- 4.1 


1833 


- 2.8 


1857 


+ 3.6 


1881 


+ 0.3 


1905 


- 2.4 


1834 


- 5.6 


1858 


-10.9 


1882 


+ 2.0 


1906 


+ 2.1 


1835 


- 5.3 


1859 


- 7.9 


1883 


+ 2.7 


1907 


+ 4.1 


1836 


+ 3.0 


1860 


- 2.1 


1884 


- 0.7 


1908 


- 4.4 


1837 


- 6.2 


1861 


- 2.2 


1885 


- 2.4 


1909 


- 5.8 


1838 


- 1.5 


1862 


+ 1.8 


1886 


- 2.9 


1910 


- 4.8 


1839 


+ 3.2 


1863 


+ 4.8 


1887 


- 1.7 


1911 


- 6.5 


1840 


+ 4.9 


1864 


+ 7.2 


1888 


+ 2.3 


1912 


- 5.7 


1841 


+ 4.5 


1865 


+ 3.3 


1889 


+ 6.1 


1913 


-10.2 
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Table IV. — Potnting Index Numbers op the Price of 

Wheat Per Quarteh in England from 1760 to 1875. 

Mio = Ten- Year Average of the Absolute Prices of Wheat 

M 4 = Four- Year Average of the Absolute Prices of Wheat 




